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APPARATUS FOR MANUFACTURING A
THERMOELECTRIC MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and claims priority to Korean
Patent Application No. 10-2016-0141135, filed on Oct. 27,
2016, which application 1s hereby incorporated herein by
reference.

TECHNICAL FIELD

The present disclosure relates to an apparatus of manu-
facturing a thermoelectric module.

BACKGROUND

In general, thermoelectric modules are used 1n thermo-
clectric power generation systems based on a Seebeck eflfect
that electromotive force 1s generated using the diflerence in
temperature between both surfaces of the thermoelectric
modules.

When thermoelectric generation 1s performed by the
thermoelectric module, as the diflerence i1n temperature
between a heat absorption part and a heat radiation part 1s
greatly maintained, the quantity of power generated through
the thermoelectric generation may be increased. In this case,
a heat transier rate from a heat source to the thermoelectric
module greatly influences the quantity of power generated
from the thermoelectric generation.

In the thermoelectric module, a plurality of thermoelectric
pellets having mutually different polarities (N type semi-
conductor and P type semiconductor) are alternately aligned
with each other, and electrically connected with each other
in series by electrodes, and an 1nsulating substrate may be
attached to each electrode.

The electrodes include a first electrode, which receives
high-temperature heat, corresponding to the heat absorber of
the thermoelectric module, and a second electrode, which
receives low-temperature heat, corresponding to the heat
radiation part of the thermoelectric module. The first and
second electrodes are bonded to the thermoelectric pellets,
respectively, by adhesives having conductivity. However,
since the first and second electrodes require mutually dif-
ferent use temperatures, the first electrode 1s bonded to the
thermoelectric pellet using a first adhesive having a higher
melting point, and the second electrode 1s bonded to the
thermoelectric pellet using a second adhesive having a lower
melting point.

In a conventional thermoelectric module manufacturing
apparatus to manufacture the thermoelectric module, first
clectrodes are bonded to the thermoelectric module using the
first adhesive under a higher-temperature atmosphere, and
then second electrodes are bonded to the thermoelectric
module using the second adhesive under a lower-tempera-
ture atmosphere.

According to the conventional thermoelectric module, the
surface of the thermoelectric pellet, to which the second
clectrode 1s bonded, 1s oxidized due to the higher-tempera-
ture atmosphere made when the first electrode 1s bonded to
the thermoelectric pellet. As a result, according to the
conventional thermoelectric module, the wettability for the
bonding of the second electrode may be adversely intlu-
enced, and electric conductivity and thermal conductivity
may be degraded, and the performance or the durability of
the thermoelectric module may be degraded.
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In addition, according to the conventional thermoelectric
module manufacturing apparatus, two bonding processes are

required for the electrodes. Accordingly, the productivity of
the thermoelectric module may be lowered.

SUMMARY

The present disclosure has been made to solve the above-
mentioned problems occurring in the prior art while advan-
tages achieved by the prior art are maintained intact.

An aspect of the present disclosure provides an apparatus
of manufacturing a thermoelectric module, which has an
improved structure to prevent a thermoelectric pellet from
being oxidized when a bonding process for electrodes 1s
performed.

In addition, an aspect of the present disclosure provides an
apparatus of manufacturing a thermoelectric module, which
has an 1improved structure to bond thermoelectric pellets to
clectrodes through one bonding process.

The techmical problems to be solved by the present
disclosure are not limited to the atorementioned problems,
and any other technical problems not mentioned herein will
be clearly understood from the following description by
those skilled in the art to which the present disclosure
pertains.

According to an aspect of the present disclosure, an
apparatus for manufacturing a thermoelectric module may
include thermoelectric pellets, first electrodes that corre-
spond to surfaces of the thermoelectric pellets, second
clectrodes that correspond to opposite surfaces of the ther-
moelectric pellets, and an insulating substrate that insulates
the first electrodes from each other. The apparatus may
include a fixing unmit including a fixing tray to which the
thermoelectric module 1s fixed and the first die including a
first heating member that heats a first adhesive layer, which
1s 1nterposed between the surfaces of the thermoelectric
pellets and the first electrodes. The fixing tray 1s mounted on
the first die such that the msulating substrate faces the first
heating member. A second die includes a second heating
member that heats a second adhesive layer, which 1s inter-
posed between the opposite surfaces of the thermoelectric
pellets and the second electrodes. The second die faces the
second electrodes. A transier unit transiers at least one of the
first die and the second die to adjust a distance between the
first die and the second die.

Preferably, the first die may include a mounting groove, 1n
which the fixing tray 1s mounted, and a guide hole defined
to communicate the first heating member with the mounting
groove. The first heating member may be mounted corre-
sponding to the insulating substrate exposed to an outside
through the guide hole.

Preferably, the first heating member may be a laser head
that heats the first adhesive layer by 1rradiating a laser beam
toward the 1nsulating substrate.

Preferably, the fixing tray may include an msertion hole
bored to communicate the insulating substrate with the first
heating member, and a transmissive window which 1s
inserted into the insertion hole to support the insulating
substrate, and includes a maternal for transmitting the laser
beam.

Preferably, the transfer unit may include at least one
cylinder body fixed to one of the first die and the second die,
and at least one cylinder rod fixed to a remaining one of the
first die and the second die and reciprocally transierred by
the at least one cylinder body.

Preferably, the fixing unit may further include a gumde
member including a plurality of guide ribs extending while
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passing through a space between the thermoelectric pellets
and are detachably mounted 1n the fixing tray.

Preferably, the guide member may include a first guide
member including a plurality of first guide ribs extending,
while passing through the space between the thermoelectric
pellets 1 one direction, and a second guide member 1nclud-
ing a plurality of second guide ribs extending while passing
through the space between the thermoelectric pellets in
another direction which forms a predetermined angle with
the one direction.

Preferably, the fixing tray may further include a plurality
of rib grooves into which the guide ribs are 1inserted,
respectively.

Preferably, the guide member may be separated from the
fixing tray when the first and second adhesive layers are
heated.

Preferably, the second heating member may include a
plurality of heaters provided to face one of the second
clectrodes and to heat the second adhesive layer, and each of
the heaters may press and make contact with the one of the
second electrodes by the transfer unit.

Preferably, the second heating member may further
include a plurality of elastic members which elastically press
one of the heaters toward the one of the second electrodes.

Preferably, the second heating member may further
include a pressing block including a plurality of heater
isertion grooves which are formed while being spaced apart
from each other by a mounting distance between the ther-
moelectric pellets, each elastic member may be securely
mounted 1n an 1nner lateral side of one of the heater insertion
grooves, and each heater may be inserted into the one of the
heater 1nsertion grooves such that the heater i1s elastically
supported by the elastic member.

Preferably, the first heating member may be provided to
transier heat corresponding to a melting point of the first
adhesive layer to the first adhesive layer through the insu-
lating substrate and the first electrode, and the second
heating member may be provided to transfer heat corre-
sponding to a melting point of the second adhesive layer to
the second adhesive layer through the second electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present disclosure will be more apparent from the
following detailed description taken 1n conjunction with the
accompanying drawings:

FIG. 1 1s a front view illustrating an apparatus ol manu-
facturing a thermoelectric module, according to an exem-
plary embodiment of the present disclosure;

FIG. 2 1s a front view illustrating the thermoelectric
module;

FIG. 3 1s a sectional view illustrating one example of a
fixing unit of FIG. 1;

FIG. 4 1s an exploded perspective view 1llustrating the
apparatus of manufacturing the thermoelectric module of
FIG. 1;

FIG. 5 1s an assembled perspective view illustrating the
apparatus ol manufacturing the thermoelectric module of
FIG. 1;

FIG. 6 15 a front view 1llustrating the location relationship
between the heating members and the thermoelectric module
of FIG. 1;

FIG. 7 1s an assembled perspective view illustrating the
thermoelectric module pressed by a second die in the
apparatus ol manufacturing the thermoelectric module of

FIG. 1;
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FIG. 8 1s a view 1illustrating a method of bonding ther-
moelectric pellets to an electrode using heating members

illustrated 1n FIG. 4;

FIG. 9 1s a view 1llustrating that the electrode compen-
sates for the step diflerence between the thermoelectric
pellets of FIG. 2;

FIG. 10 15 a sectional view 1llustrating the fixing unit of
FIG. 1, according to another embodiment of the present
disclosure; and

FIG. 11 1s a view 1llustrating another method of bonding,
thermocelectric pellets to an electrode using the heating
members 1illustrated 1n FIG. 4.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

T

Terms and words used in the specification and the claims
shall not be mterpreted as commonly-used dictionary mean-
ings, but shall be interpreted as to be relevant to the technical
scope of the invention based on the fact that the inventor
may properly define the concept of the terms to explain the
invention 1 best ways. Accordingly, the embodiments and
the configurations depicted 1n the drawings are illustrative
purposes only and do not represent all technical scopes of
the embodiments, so 1t should be understood that various
equivalents and modifications may exist at the time point of
filing this application.

The size of each of elements and the size of a specific part
of the element, which are shown 1n accompanying drawings,
may be exaggerated, omitted or schematically drawn for the
purpose of convemence or clarity. In addition, the size of
clements does not utterly reflect an actual size. In the
tollowing description, detailed descriptions of functions or
configurations of well-known elements will be ruled out 1n
order not to unnecessarily obscure the gist of the present
disclosure.

FIG. 1 1s a front view illustrating an apparatus 1 for
manufacturing a thermoelectric module according to an
exemplary embodiment of the present disclosure.

Reterring to FIG. 1, the apparatus 1 for manufacturing the
thermoelectric module according to an exemplary embodi-
ment of the present disclosure (herematter referred to as
“thermoelectric module manufacturing apparatus”) includes
a fixing umit 20, which fixes a thermoelectric module 10
thereto, a first die 30, on which thermoelectric pellets 11 and
12 may be bonded to a first electrode 13, a second die 40, on
which thermoelectric pellets 11 and 12 may be bonded to a
second electrode 14, and a transier unit 30 which adjusts the
distance between the first die 30 and the second die 40.

FIG. 2 1s a front view illustrating the thermoelectric
module.

As 1llustrated in FIG. 2, the thermoelectric module 10
may include a plurality of thermoelectric pellets 11, a
plurality of thermoelectric pellets 12, first electrodes 13
which correspond to one surfaces of the thermoelectric
pellets 11 and 12, second electrodes 14 which correspond to
opposite surfaces of the thermoelectric pellets 11 and 12, a
first adhesive layer 16 interposed between the thermoelectric
pellets 11 and 12 and the first electrodes 13, a second
adhesive layer 17 interposed between the thermoelectric
pellets 11 and 12 and the second electrodes 14, and an

insulating substrate 15 which insulates the first electrodes 13
from each other.

As 1llustrated in FIG. 2, the thermocelectric pellets 11 and
12 include a first thermoelectric pellet 11 and a second
thermoelectric pellet 12 having mutually opposite polarities.
For example, when the first thermoelectric pellet 11 1s an N
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type semiconductor, the second thermoelectric pellet 12 1s a
P type semiconductor. When the first thermoelectric pellet
11 1s a P type semiconductor, the second thermoelectric
pellet 12 1s an N type semiconductor. First thermoelectric
pellets 11 are alternately aligned with second thermoelectric
pellets 12 as illustrated 1n FIG. 11.

As 1llustrated 1n FIG. 2, the first and second thermoelec-
tric pellets 11 and 12 have first bonding surfaces 11a and
12a, which are one surfaces corresponding to any one of a
heat absorption part and a heat radiation part of the ther-
moelectric module 10, and second bonding surfaces 115 and
126 which are opposite surtaces corresponding to a remain-
ing one of the heat absorption part and the heat radiation part
of the thermoelectric module 10. Hereinafter, the present
disclosure will be described 1n that the first bonding surfaces
11a and 12a correspond to the heat absorption part of the
thermoelectric module 10, and the second bonding surfaces
1156 and 12b correspond to the heat radiation part of the
thermoelectric module 10.

Each of the first electrodes 13 1s provided to electrically
connect the first bonding surfaces 11a and 12a of one pair of
the first and second thermoelectric pellets 11 and 12, which
are adjacent to each other, with each other. To this end, as
illustrated 1n FIG. 2, each first electrode 13 1s provided to
make contact with both first bonding surfaces 11a and 124
of the pair of first and thermoelectric pellets 11 and 12
adjacent to each other.

Each of the second electrodes 14 1s provided to electri-
cally connect the second bonding surfaces 115 and 126 of
one pair of first and thermoelectric pellets 11 and 12, which
are adjacent to each other, to each other. To this end, as
illustrated 1n FIG. 2, each of the second electrodes 14 1s
provided to make contact with both second bonding surfaces
116 and 125 of the pair of first and thermoelectric pellets 11
and 12 are adjacent to each other. The second electrode 14
1s provided such that a connection part 14a of the second
clectrode 14 1s interposed between the first and second
thermoelectric pellets 11 and 12 and bent when the second
clectrode 14 1s pressed by a heater 45 to be described later
as 1llustrated m FIG. 9. For example, the first electrodes 14
may have the form of a foil or may have the thickness of 1
mm or less.

As 1llustrated in FIG. 2, the first adhesive layer 16 1s
interposed between the first bonding surfaces 11aq and 12a of
the first and second thermoelectric pellet 11 and 12 and one
surface of the first electrode 13. For example, the first
adhesive layer 16 may be formed by coating the first
bonding surfaces 1la and 12a of the first and second
thermoelectric pellet 11 and 12 or the one surface of the first
clectrode 13 with a first adhesive. The first adhesive pret-
erably includes a material having a higher melting point
because a higher temperature 1s actually applied to the heat
absorption part of the thermoelectric module 10. For
example, the first adhesive may be a silver (Ag)-based
brazing filler.

As 1llustrate 1n FIG. 2, the second adhesive layer 17 1s
interposed between the second bonding surfaces 115 and
126 of the first and second thermoelectric pellets 11 and 12
and one surface of the second electrode 14. For example, the
second adhesive layer 17 may be formed by coating the
second bonding surfaces 115 and 125 of the first and second
thermoelectric pellet 11 and 12, or the one surface of the
second electrode 14 with a second adhesive. The second
adhesive preferably includes a material having a lower
melting point because a lower temperature i1s actually
applied to the heat radiation part of the thermoelectric
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module 10. For example, the second adhesive may be a
silver (Ag)-based thermal paste.

As 1llustrated 1n FIG. 2, the isulating substrate 15 1is
provided to make contact with an opposite surtace of the first
clectrode 13. The insulating substrate 135 1s formed of an
insulating material for msulating the first electrode 13 from
the outside. For example, the insulating substrate 15 may be
formed of alumina or other ceramic materials having an
insulating property.

Meanwhile, although the second electrode 14 may be
preferably subject to insulation treatment such that the
second electrode 14 may be insulated from the outside, the
present disclosure 1s not limited thereto. For example, when
the thermoelectric module 10 1s actually used, an 1insulating
material having high thermal conductivity 1s applied to the
second electrode 14 to prevent the second electrode 14 from
being shorted. The insulating material having the high
thermal conductivity may be a silicon-based thermally con-
ductive paste or a silicon-based thermally conductive sheet.
In particular, the silicon-based thermally conductive paste
may be a material containing ceramic-based fillers, such as
alumina and boron nitride, having an electrically msulating
property and high thermal conductivity.

FIG. 3 1s a sectional view illustrating one example of the
fixing unit 20 illustrated 1n FIG. 1. FIG. 4 1s an exploded
perspective view 1illustrating the thermoelectric module
manufacturing apparatus 1 illustrated 1n FIG. 1. FIG. S1s an
assembled perspective view illustrating the thermoelectric
module manufacturing apparatus 1 illustrated in FIG. 1.

The fixing unit 20 1s provided to mount the thermoelectric
module 10 on the first die 30. For example, as illustrated in
FIG. 3, the fixing unit 20 may include a fixing tray 21, to
which the thermocelectric module 10 1s fixed, guide members
23 and 25 which align the thermoelectric pellets 11 and 12
in a preset arrangement form, and a fixing cover 27 which
covers the thermoelectric module 10 and the guide members
23 and 25.

As 1illustrated i FIGS. 3 and 4, the fixing tray 21 may
include a fixing groove 21a, a plurality of communication
holes 215, a plurality of first rib insertion grooves 21¢, a
plurality of second rib 1nsertion grooves 21d.

As 1llustrated 1n FIG. 3, the fixing groove 21a 1s formed
by opening a top surface of the fixing tray 21 corresponding
to the thermoelectric module 10. The thermoelectric module
10 1s 1nserted into the fixing groove 21a and fixed into the
fixing groove 21a such that the insulating substrate 15 1s
securely mounted by inner lateral sides of the fixing groove
21a. In other words, the thermoelectric module 10 1s fixed
into the fixing groove 21a such that the second electrode 14
1s directed toward an opening of the fixing groove 21a.

As 1llustrated 1n FIG. 3, each communication hole 2154
communicates with the fixing groove 21a and 1s bored
through a bottom surface of the fixing tray 21 corresponding
to any one of the thermoelectric pellets 11 and 12. The
communication holes 215 allow the fixing groove 21a to
communicate with guide holes 33 and 35 formed in the first
die 30, which will be described later. The thermoelectric
module 10 may be 1rradiated with a laser beam (LV) which
1s radiated from a first heating member 32 to be described
later and sequentially passes through the guide holes 33 and
35 and the commumnication hole 215.

As 1llustrated 1n FIG. 4, the first rib insertion grooves 21c¢
are formed in one sidewall of the fixing tray 21 while
extending 1n one direction and are spaced apart from each
other by a distance between the thermoelectric pellets 11 and
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12. First guide ribs 23a of a first guide member 23 to be
described later may be iserted into the first nib 1nsertion
grooves 21c, respectively.

As 1llustrated 1n FIG. 4, the second rib insertion grooves
21d are formed in another sidewall of the fixing tray 21,
which 1s performed perpendicularly to the one sidewall of
the fixing tray 21, and are spaced apart from each other by
a distance between the thermoelectric pellets 11 and 12.
Second guide ribs 23a of a second guide member 235 to be
described later may be inserted into the second rib 1nsertion
grooves 21d, respectively.

As 1llustrated in FIG. 4, the guide members 23 and 25 may
include the first guide member 23 and the second guide
member 25.

As 1llustrated i FIG. 7, the first guide member 23 may
have the first guide ribs 23a, each of which extends through
the space between one pair of thermoelectric pellets 11 and
12, which are adjacent to each other, 1n one direction. As
illustrated 1n FIGS. 3 and 4, the first gmde member 23 may
be detachably mounted 1n the fixing tray 21 such that each
first guide rib 23q 1s inserted into any one of the first
insertion grooves 21c¢ of the fixing tray 21 while extending
through the space between the thermoelectric pellets 11 and
12, which are adjacent to each other, in the direction.
Although 1t 1s preferred that the first guide member 23 1s
provided such that each first guide nb 23a 1s securely
mounted on the first electrode 13 or the insulating substrate
15 as illustrated 1n FIG. 3, the present disclosure 1s not
limited thereto.

As 1llustrated 1n FIG. 7, the second guide member 25 may
have the second guide ribs 254, each of which extends
through the space between one pair of thermoelectric pellets
11 and 12, which are adjacent to each other, in a direction
perpendicular to the one direction. As illustrated 1n FIGS. 3
and 4, the second guide member 25 may be detachably
mounted 1n the fixing tray 21 such that each second guide rib
2354 15 1serted 1nto one second insertion groove 21d of the
fixing tray 21 while extending through the space between the
thermoelectric pellets 11 and 12, which are adjacent to each
other, 1n another direction. Although 1t 1s preferred that the
second guide ribs 25a of the second guide member 25 are
securely mounted on the first guide ribs 23a, respectively, as
illustrated 1n FIG. 3, the present disclosure 1s not limited
thereto.

The first and second guide members 23 and 25 support the
first and second thermocelectric pellets 11 and 12 by the guide
ribs 23a and 254 1n one direction and another direction,
respectively. Accordingly, the first and second guide mem-
bers 23 and 25 may align the thermoelectric pellets 11 and
12 1n a preset arrangement form.

As 1llustrated 1n FIG. 3, the fixing cover 27 1s formed 1n
a shape corresponding to the shape of the fixing groove 21a.
The fixing cover 27 1s detachably inserted into the fixing
groove 21a to cover the guide nbs 23a and 25q¢ and the
thermoelectric module 10.

FIG. 6 1s a front view to explain the location relationship
between heating members and the thermoelectric module 10
of FIG. 1.

The first die 30 1s provided such that the first bonding
surfaces 11a and 12a of the thermocelectric pellets 11 and 12
may be bonded to the first electrode 13 through the first
adhesive layer 16. To this end, the first die 30 may include
a first guide hole 33, a support block 31, and a first heating
member 32.

As 1llustrated 1n FIG. 1, the first guide hole 33 1s formed
through the first die 30 such that the first guide hole 33

corresponds to the communication holes 215 formed 1n the
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fixing tray 21. Although the first guide hole 33 preferably
has a taper shape in which the diameter of the first guide hole
33 is gradually reduced toward the fixing tray 21, the present
disclosure 1s not limited thereto.

As 1illustrated 1n FIG. 1, the support block 31 1s mounted
on one surface of the first die 30. The support block 31 may
include a mounting groove 34 and a second guide hole 35.

As 1illustrated 1n FI1G. 4, the mounting groove 34 1s formed
in one surface of the support block 31 such that the mounting
groove 34 faces a pressing block 41 to be described later.
Preferably, the mounting groove 34 has a shape correspond-
ing to the shape of the fixing tray 21 to support the fixing tray
21. As 1illustrated 1n FIG. §, the fixing tray 21 1s mounted 1n
the mounting groove 34 such that the second electrodes 14
are directed toward the pressing block 41.

As 1llustrated 1n FIG. 1, the second guide hole 35 1is
formed through the support block 31 corresponding to the
communication holes 215 of the fixing tray 21 such that the
second guide hole 35 communicates with each of the mount-
ing groove 34 and the first guide hole 33.

As 1illustrated 1 FIG. 6, the first heating member 32 is
provided to face the insulating substrate 15. For example,
the first heating member 32 may be provided inside or
outside the guide hole 33 or 35 such that the first heating
member 32 corresponds to the communication holes 215.
Preferably, the first heating member 32 i1s provided to
transier heat corresponding to the melting point of the first
adhesive layer 16 to the first adhesive layer 16 through the
insulating substrate 15 and the first electrode 13. In other
words, when the first adhesive 1s the Ag-based brazing filler,
the first heating member 32 1s provided to raise the tem-
perature of the first adhesive layer 16 to 450° C. or more. For
example, the first heating member 32 may be a laser head 36
which may emit a laser beam LV. The laser head 36 may be
a laser nozzle or a laser scanner. The laser head 36 may

irradiate the laser beam LV onto the insulating substrate 135
corresponding to the thermoelectric pellets 11 and 12 as
illustrated in FIG. 8.

The second die 40 1s provided such that the second
bonding surfaces 115 and 1254 of the thermocelectric pellets
11 and 12 may be bonded to the second electrode 14 through
the second adhesive layer 17. To this end, the second die 40
may include the pressing block 41, a second heating member
43, and an elastic member 47.

As 1llustrated 1n FIG. 5, the pressing block 41 1s mounted
on one surface of the second die 40 to face the thermoelec-
tric module 10 fixed to the fixing tray 21. As illustrated in
FIG. 6, the pressing block 41 includes a plurality of heater
insertion grooves 4la recessed corresponding the thermo-
clectric pellets 11 and 12.

Preferably, the second heating member 43 1s provided to
transfer heat corresponding to the melting point of the
second adhesive layer 17 to the second adhesive layer 17
through the second electrode 14. In other words, when the
second adhesive 1s the Ag-based thermal paste, the second
heating member 42 1s provided to raise the temperature of
the second adhesive layer 17 to less than 200° C. For
example, the second heating member 43 may include a
plurality of heaters 45 as 1llustrated in FIG. 6. The heaters 45
may be formed 1n the shape of a stick having a sectional area
corresponding to those of the thermoelectric pellets 11 and
12. Each heater 45 may be formed of a metallic material
having higher thermal conductivity, and a heating line (not
shown), which emits heat by power supplied thereto from
the outside, may be buried 1n the heater 45. As illustrated in
FIG. 6, each heater 45 may be inserted mto and mounted 1n
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any one of the heater insertion grooves 41a such that the
heater 45 1s supported by the elastic member 47.

As 1llustrated 1 FIG. 6, the elastic member 47 may be
securely mounted on an inner surface of the heater insertion
groove 41a such that the elastic member 47 1s interposed
between the mner surface of the heater insertion groove 41a
and the heater 45. The elastic member 47 1s provided to
clastically press the heater 45, which i1s inserted into the
heater 1nsertion groove 41a, toward the thermoelectric pel-
lets 11 and 12. For example, the elastic member 47 may be
a compressive spring as illustrated in FIG. 8.

The transfer unit 50 1s provided to adjust the distance
between the first die 30 and the second die 40. The transier
unit 50 preferably includes at least one cylinder. For
example, as illustrated 1in FIG. 1, the transfer unit 50 may
include a cylinder body 52 fixed to the first die 30 and a
cylinder rod 34 fixed to the second die 40 and reciprocally
transierred by the cylinder body 52. The transier umit 50 may
reciprocally transter the second die 40 such that the second
die 40 approaches the first die 30 or 1s away from the first
die 30.

FIG. 7 1s an assembled perspective view illustrating the
thermoelectric module 10 pressed by the second die 40 1n the
thermoelectric module manufacturing apparatus 1 of FIG. 1.
FIG. 8 1s a view 1illustrating a method of bondmg the
thermoelectric pellets 11 and 12 to the electrode using the
heating member of FIG. 4. FIG. 9 1s a view illustrating that
the electrode 13 compensates for the step difference between
the thermoelectric pellets 11 and 12 of FIG. 2.

Hereinafter, a method of manufacturing the thermoelec-
tric module 10 using the thermoelectric module manufac-
turing apparatus 1 will be described with reference to
accompanying drawings.

First, as illustrated in FIG. 3, after the thermoelectric
module 10 1s fixed 1nto the fixing groove 21a of the fixing
tray 21, the thermoelectric pellets 11 and 12 are aligned
using the first and second guide members 23 and 25 and the
fixing cover 27. In the operation 1n which the above ther-
moelectric module 10 1s fixed 1nto the fixing groove 21a, the
first and second adhesive layers 16 and 17 are only inter-
posed between the first and second bonding surfaces 11a and
12a and 115 and 125 of the first and second thermoelectric
pellets 11 and 12 and the first and second electrodes 13 and
14. In this state, the first and second bonding surfaces 11a
and 12a, and 115 and 126 of the first and second thermo-
clectric pellets 11 and 12 are not bonded to the first and
second electrodes 13 and 14.

As 1llustrated in FIG. 5, the fixing tray 21 having the
thermoelectric module 10 fixed thereto 1s mounted 1 a
preset position of the mounting groove 34.

Thereatfter, as illustrated in FIG. 7, the first and second
guide members 23 and 25 and the fixing cover 27 are
separated from the fixing tray 21.

Next, as 1llustrated in FIGS. 7 and 8, the second die 40 1s
transierred to the first die 30 by the transfer unit 50 such that
the second electrodes 14 are pressed by the heaters 45.

Subsequently, as 1llustrated 1n FIG. 8, the laser head 36 1s
actuated to 1rradiate the laser beam LV to the insulating
substrate 15, and the heaters 45 are actuated to apply heat to
the second electrodes 14.

Then, as illustrated 1in FIG. 8, the laser beam LV 1s
irradiated to the first adhesive layer 16 aiter being transmit-
ted through the msulating substrate 15 and the first electrode
13. Accordingly, the first adhesive layer 16 1s heated to the
melting point by the laser beam LV and melted. Thus, the
first bonding surfaces 11a and 12a of the thermoelectric
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pellets 11 and 12 are bonded to the first electrode 13 by the
melted first adhesive layer 16.

As 1llustrated 1n FIG. 8, each of the heaters 45 heats the

second adhesive layer 17 through the second electrode 14.
Accordingly, the second adhesive layer 17 1s heated to the
melting point thereol by the heater 45 and melted. Thus, the
second bonding surfaces 115 and 1256 of the thermoelectric
pellets 11 and 12 are bonded to the second electrode 14 by
the melted second adhesive layer 17.
The heaters 45 may elastically press the thermoelectric
pellets 11 and 12, the first and second electrodes 13 and 14,
and the first and second the adhesive layers 16 and 17 toward
the insulating substrate 15 by driving force transferred from
the transfer unit 50 and elastic force transferred from the
clastic members 47. Accordingly, bonding force may be
improved at the interface between the bonding surfaces 11a,
115, 12a, and 1256 of the thermoelectric pellets 11 and 12,
and the electrodes 13 and 14.

Meanwhile, as described above, the second electrodes 14
have preset shapes or preset thicknesses such that the
connection parts 14a may be bent by the force applied
thereto from the heaters 45. Accordingly, as illustrated in
FIG. 9, when the step diflerence 1s made between the
thermoelectric pellets 11 and 12 due to the process tolerance,
the connection parts 14a of the second electrodes 14 are bent
by the height H of the step diflerence. Accordingly, bonding
force at the interfaces between the bonding surfaces 1la,
115, 12a, and 125 of the thermoelectric pellets 11 and 12 and
the electrodes 13 and 14 may be prevented from being
degraded due to the step difference between the thermoelec-
tric pellets 11 and 12.

Next, after the second die 40 1s transferred using the
transier unit 50 such that the heaters 435 are spaced apart
from the second electrodes 14, the thermoelectric module 10
having the thermoelectric pellets 11 and 12 and the elec-
trodes 13 and 14, which are completely bonded to each
other, may be separated from the fixing tray 21.

As described above, according to the thermoelectric mod-
ule manufacturing apparatus 1, the first adhesive layer 16
having a higher melting point 1s heated by using the laser
beam LV which may locally apply heat. Simultaneously, the
second adhesive layer 17 having a lower melting point 1s
heated by using the heaters 45 which may elastically press
the thermoelectric pellets 11 and 12 and the electrodes 13
and 14. Accordingly, the thermoelectric module manufac-
turing apparatus 1 prevents the second bonding surfaces 1156
and 125 of the thermoelectric pellets 11 and 12 correspond-
ing to the heat radiation part of the thermoelectric module 10
from being oxidized due to the high-temperature heat radi-
ated when the first adhesive layer 16 1s heated, thereby
stably ensuring the wettability for the bonding of the second
clectrodes 14 and improving the performance and the dura-
bility of the thermoelectric module 10.

In addition, according to the thermoelectric module
manufacturing apparatus 1, predetermined pressure 1s
applied between the thermoelectric pellets 11 and 12 and the
clectrodes 13 and 14 when the thermoelectric pellets 11 and
12 are bonded to the electrodes 13 and 14. Accordingly, the
bonding force at the interface between the thermoelectric
pellets 11 and 12 and the electrodes 13 and 14 may be
improved.

In addition, according to the thermoelectric module
manufacturing apparatus 1, 1n the state that the thermoelec-
tric module 10 1s fixed to a preset position of the fixing tray
21, the thermoelectric pellets 11 and 12 may be bonded to
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the electrodes 13 and 14. Accordingly, the performance and
the durability of the thermoelectric module 10 may be more
improved.

In addition, according to the thermoelectric module
manufacturing apparatus 1, the thermoelectric pellets 11 and
12 are bonded to the first electrode 13 corresponding to the
heat absorption part of the thermoelectric module 10 while
being bonded to the second electrode 14 corresponding to
the heat radiation part of the thermoelectric module 10.
Accordingly, the productivity of the thermoelectric module
10 may be improved as compared with that of the related art
in which the bonding processes are separately performed.

Meanwhile, although the thermoelectric pellets 11 and 12
are bonded to the first electrodes 13 using the laser beam LV,
and the thermoelectric pellets 11 and 12 are bonded to the
second electrodes 14 using the heaters 45 1n the thermo-
clectric module manufacturing apparatus 1, the present
disclosure 1s not limited thereto. In other words, the first
heating member 32 1s provided to include a pressing block,
a heater, or an elastic member similarly to the second heating
member 43, and the thermoelectric pellets 11 and 12 may be
bonded to the first electrodes 13 using heaters.

FIG. 10 1s a sectional view illustrating the fixing unit of
FIG. 1, according to another embodiment.

Although the fixing unit 20 1ncludes a plurality of com-
munication holes 215 communicating with the guide holes
33 and 35 such that the msulating substrate 15 1s 1rradiated
with the laser beam LV emitted from the laser head 36, the
present disclosure 1s not limited thereto. For example, as
illustrated 1n FI1G. 10, the fixing unit 20 may include an
insertion hole 28 bored corresponding to the thermoelectric
pellets 11 and 12 instead of the communication holes 215
and a transmissive window 29 inserted into the insertion
hole 28 such that the transmissive window 29 may support
the thermoelectric module 10 fixed into the fixing groove
21a.

As 1llustrated 1n FI1G. 10, although the msertion hole 28 1s
tormed through the bottom surface of the fixing tray 21 such
that the insertion hole 28 faces the whole thermoelectric
pellets 11 and 12 with the insulating substrate 15 interposed
therebetween, the present disclosure 1s not limited thereto.

As 1llustrated 1n FIG. 10, the transmissive window 29 has
the shape corresponding to that of the insertion hole 28 such
that the transmissive window 29 1s fitted into the insertion
hole 28. For example, the transmissive window 29 may be
formed of a glass matenial allowing the laser beam to pass
therethrough.

FIG. 11 15 a view 1llustrating another method of bonding
thermoelectric pellets and electrodes using the heating mem-
bers illustrated 1n FIG. 4.

Although the above description has been made in that the
laser head 36 1rradiates the laser beam to the first adhesive
layer 16 through each communication hole 215, the present
disclosure 1s not limited thereto.

For example, as illustrated in FIG. 10, the laser head 36
may be provided to irradiate a laser beam LV2 having a
beam spot with a diameter corresponding to the msulating
substrate 15 to the insulating substrate 15 through the
transmissive window 29. Then, the insulating substrate 135 1s
heated by the laser beam LV2, and the first adhesive layers
are heated by receiving the heat from the imsulating substrate
15 through the first electrodes. Accordingly, the thermoelec-
tric pellets 11 and 12 are simultaneously bonded to the first
clectrodes 13 by the first adhesive layers 16, thereby reduc-
ing time taken to bond the thermoelectric pellets 11 and 12
to the first electrodes 13.
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As described above, according to the present disclosure,
the thermoelectric module manufacturing apparatus may
simultaneously perform a process of bonding the heat
absorption part of the thermoelectric module to a relevant
clectrode and a process of bonding the heat radiation part of
the thermoelectric module to a relevant electrode. Therefore,
according to the present disclosure, the bonding surface of
the thermoelectric pellet may be prevented from being
oxidized, and the wettability for the bonding of the elec-
trodes may be stably ensured. According to the present
disclosure, the performance and the durability of the ther-
moelectric module may be improved, and the productivity of
the thermoelectric module may be improved.

Hereinabove, although the present disclosure has been
described with reference to exemplary embodiments and the
accompanying drawings, the present disclosure 1s not lim-
ited thereto, but may be variously modified and altered by
those skilled in the art to which the present disclosure
pertains without departing from the spirit and scope of the
present disclosure claimed in the following claims.

What 1s claimed 1s:

1. An apparatus for manufacturing a thermoelectric mod-
ule which comprises thermoelectric pellets, first electrodes
corresponding to first surfaces of the thermoelectric pellets,
second electrodes corresponding to opposite second surfaces
of the thermoelectric pellets, and an insulating substrate
insulating the first electrodes from each other, the apparatus
comprising:

a fixing tray to which the thermoelectric module can be

fixed:

a guide member detachably mounted in the fixing tray so
as to align the thermoelectric pellets 1n a preset arrange-
ment form;

a first die comprising a first heating member configured to
heat a first adhesive layer, which 1s interposed between
the first surfaces of the thermoelectric pellets and the

first electrodes, the fixing tray being mounted on the
first die such that the insulating substrate faces the first
heating member;

a second die comprising a second heating member con-
figured to heat a second adhesive layer, which 1s
interposed between the opposite second surfaces of the
thermocelectric pellets and the second electrodes, the
second die facing the second electrodes; and

a transier unit configured to transier the first die or the
second die to adjust a distance between the first die and
the second die.

2. The apparatus of claim 1, wherein the transfer unit

COmprises:

a cylinder body fixed to one of the first die or the second
die; and

a cylinder rod fixed to the other of the first die and the
second die and reciprocally transterred by the cylinder
body.

3. The apparatus of claim 1, wherein the second heating
member comprises a plurality of heaters each of which 1s
provided to face one of the second electrodes so as to heat
the second adhesive layer, and wherein each of the heaters
presses the one of the second electrodes as the transier unit
transfers the first die or the second die.

4. The apparatus of claim 3, wherein the second heating
member further comprises a plurality of elastic members
cach of which elastically presses one of the heaters toward
the one of the second electrodes.

5. The apparatus of claim 4, wherein the second heating
member further comprises a pressing block comprising a
plurality of heater 1nsertion grooves that are formed while
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being spaced apart from each other by a mounting distance
between the thermoelectric pellets;
wherein each elastic member 1s securely mounted in an
inner lateral side of one of the heater 1nsertion grooves;
and
wherein each heater 1s inserted mto the one of the heater

insertion grooves.

6. The apparatus of claim 1, wherein the first heating
member 1s provided to transfer heat corresponding to a
melting point of the first adhesive layer to the first adhesive
layer through the insulating substrate and the first electrodes;
and

wherein the second heating member 1s provided to trans-
fer heat corresponding to a melting point of the second
adhesive layer to the second adhesive layer through the
second electrodes.

7. An apparatus for manufacturing a thermoelectric mod-
ule which comprises thermoelectric pellets, first electrodes
corresponding to first surfaces of the thermoelectric pellets,
second electrodes corresponding to opposite second surfaces
of the thermoelectric pellets, and an insulating substrate
insulating the first electrodes from each other, the apparatus
comprising;

a fixing umit comprising a fixing tray to which the ther-
moelectric module can be fixed and a guide member
comprising a plurality of guide ribs extending while
passing through a space between the thermoelectric
pellets, the guide ribs being detachably mounted 1n the
fixing tray;

a first die comprising a first heating member configured to
heat a first adhesive layer, which 1s interposed between
the first surfaces of the thermocelectric pellets and the

first electrodes, the fixing tray being mounted on the
first die such that the insulating substrate faces the first
heating member;

a second die comprising a second heating member con-
figured to heat a second adhesive layer, which 1is
interposed between the opposite second surfaces of the
thermocelectric pellets and the second electrodes, the
second die facing the second electrodes; and

a transfer unit configured to transier the first die or the
second die to adjust a distance between the first die and
the second die.

8. The apparatus of claim 7, wherein the first die com-

Prises:

a mounting groove, in which the fixing tray 1s mounted;
and

a guide hole defined to communicate the first heating
member with the mounting groove, wherein the first

heating member 1s mounted to correspond to the 1nsu-
lating substrate exposed to an outside through the guide
hole.

9. The apparatus of claim 8, wherein the first heating
member comprises a laser head configured to heat the first
adhesive layer by 1rradiating a laser beam toward the 1nsu-
lating substrate and, wherein the fixing tray comprises:

an insertion hole bored to communicate the insulating
substrate with the first heating member; and

a transmissive window inserted into the insertion hole to
support the msulating substrate, the transmissive win-
dow formed from a matenal through which the laser
beam can be transmitted.

10. The apparatus of claim 7, wherein the transfer unit

COmprises:

a cylinder body fixed to one of the first die or the second

die; and

5

10

15

20

25

30

35

40

45

50

55

60

65

14

a cylinder rod fixed to the other of the first die and the
second die and reciprocally transterred by the cylinder
body.

11. The apparatus of claim 7, wherein the guide member

COmMprises:

a first guide member comprising a plurality of first guide
ribs extending while passing through the space between
the thermoelectric pellets 1n one direction; and

a second guide member comprising a plurality of second
guide ribs extending while passing through the space
between the thermoelectric pellets 1n another direction
that forms a predetermined angle with the one direc-
tion.

12. The apparatus of claam 7, wherein the fixing tray
further comprises a plurality of rib grooves into which the
guide ribs are inserted, respectively.

13. The apparatus of claim 12, wherein the guide member
1s separated from the fixing tray when the first and second
adhesive layers are heated.

14. The apparatus of claim 7, wherein the second heating
member comprises a plurality of heaters each of which 1s
provided to face one of the second electrodes so as to heat
the second adhesive layer, and wherein each of the heaters

presses the one of the second electrodes as the transier unit
transiers the first die or the second die.

15. The apparatus of claim 14, wherein the second heating
member further comprises:

a plurality of elastic members each of which elastically
presses one of the heaters toward the one of the second
electrodes; and

a pressing block comprising a plurality of heater insertion
grooves that are formed while being spaced apart from
cach other by a mounting distance between the ther-
moelectric pellets;

wherein each elastic member 1s securely mounted 1n an
inner lateral side of one of the heater insertion grooves;
and

wherein each heater 1s inserted into the one of the heater
insertion grooves.

16. An apparatus for manufacturing a thermoelectric
module which comprises thermoelectric pellets, first elec-
trodes corresponding to first surfaces of the thermoelectric
pellets, second electrodes corresponding to opposite second
surfaces of the thermoelectric pellets, and an insulating
substrate msulating the first electrodes from each other, the
apparatus comprising:

a lixing tray to which the thermoelectric module can be

fixed:

a guide member detachably mounted in the fixing tray so
as to align the thermoelectric pellets in a preset arrange-
ment form;

a first die comprising a first heating member configured to
heat a first adhesive layer, which 1s interposed between
the first surfaces of the thermocelectric pellets and the

first electrodes, the fixing tray being mounted on the
first die such that the insulating substrate faces the first
heating member, wherein the first die further comprises

a mounting groove, in which the fixing tray 1s mounted,

and a guide hole defined to commumnicate the first

heating member with the mounting groove, and
wherein the first heating member 1s mounted to corre-
spond to the 1sulating substrate exposed to an outside
through the guide hole;

a second die comprising a second heating member con-
figured to heat a second adhesive layer, which 1is
interposed between the opposite second surfaces of the
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thermocelectric pellets and the second electrodes, the
second die facing the second electrodes; and

a transfer unit configured to transier the first die or the

second die to adjust a distance between the first die and
the second die.

17. The apparatus of claim 16, wherein the first heating
member comprises a laser head configured to heat the first
adhesive layer by irradiating a laser beam toward the 1nsu-
lating substrate.

18. The apparatus of claam 17, wherein the fixing tray
COmprises:

an insertion hole bored to communicate the insulating

substrate with the first heating member; and

a transmissive window inserted into the insertion hole to

support the msulating substrate, the transmissive win-
dow formed from a material through which the laser
beam can be transmitted.

19. The apparatus of claim 16, wherein the transfer unit
COmMprises:

a cylinder body fixed to one of the first die or the second

die; and

a cylinder rod fixed to the other of the first die and the

second die and reciprocally transterred by the cylinder
body.

20. The apparatus of claim 16, wherein the second heating
member comprises a plurality of heaters each of which 1s
provided to face one of the second electrodes so as to heat
the second adhesive layer, and wherein each of the heaters
presses the one of the second electrodes as the transier unit
transfers the first die or the second die.
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